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ABSTRACT 

The details  a r e  given of a computer p rogram which will compute 

the dimensions required for  a heat t ransfer  analysis  of a cryogenic s to r -  

age  container on the moon. 

regions and the conducting path length and cross -sec t iona l  a r e a  a re  

calculated for each. The container m a y  va ry  in s ize  and have three  

basic shapes: spherical ,  cylindrical with hemispherical  ends and 

cyl indrical  with flat ends. 

The container is  divided into i so thermal  

NASA-GEORGE C.  MARSHALL SPACE FLIGHT CENTER 



NASA-GEORGE C. MARSHALL SPACE FLIGHT CENTER 

TECHNICAL MEMORANDUM X- 53270 

COMPUTER PROGRAM-CRYOGENIC STORAGE 

ON THE MOON (SUBROUTINES A AND C) 

BY 
J a m e s  K. Har r i son  

and 

J a m e s  W. Hill iard 

RESEARCH PROJECTS LABORATORY 

COMPUTATION LABORATORY 

RESEARCH AND DEVELOPMENT OPERATIONS 



TECHNICAL MEMORANDUM X - 5 3 2 7 0 

COMPUTER PROGRAM-CRYOGENIC STORAGE 

ON THE MOON (SUBROUTINES A AND C) 

SUMMARY 

The detai ls  a r e  given of a computer p rogram which w i l l  compute 

the dimensions required for  a heat t r ans fe r  analysis of a cryogenic s to r -  

age container on the moon. 

regions and the conducting path length and cross -sec t iona l  a r e a  a r e  

calculated for  each. The container may  vary  in  s ize  and have th ree  

basic  shapes: spherical ,  cylindrical  with hemispherical  ends and 

cyl indrical  with flat ends.  

The container i s  divided into i so thermal  

INTRODUCTION 

The method of nodes in  heat t r ans fe r  calculations has  become a 

familiar and useful tool for  performing analysis  where a nonuniform 

t empera tu re  exis ts .  The method requi res  partitioning of the ma te r i a l  

into s m a l l e r  regions o r  e lements  which, hopefully, w i l l  have, within 

the boundaries of each, a uniform tempera ture  at any instant  of t ime. 

Such uniformity, of course ,  will be m o r e  near ly  achieved as the s ize  

of each region o r  element diminishes. 

c ros s - sec t iona l  a r e a s  must  be computed for  each element. 

pu ter  p r o g r a m  pe r fo rms  these  calculations. 

The conducting path lengths and 

This  com- 



IDENTIFYING NOTATION AND PROGRAM DATA 

The sur face  of a s torage vesse l  i s  imagined to be covered with 

a the rma l  insulation which is partioned into i so thermal  regions. 

computer p rogram can handle th ree  ves se l  shapes: spherical ,  cylindri-  

ca l  with hemispherical  ends, and cylindrical  with flat ends. F o r  each 

shape i so thermal  e lements  a r e  constructed in  th ree  ways ( F i g s .  1-3).  

The number of e lements  for  each c a s e  and identifying notation a r e  given 

in  Table I. If the insulation i s  divided into m o r e  than one l aye r  the 

number of e lements  i nc rease  proportionately,  i. e. , two l a y e r s  wi l l  

double the number,  t h ree  l aye r s  w i l l  t r ip le  the number,  etc. 

The 

The coordinate sys t em and numbering convention a r e  shown in 

Figs.  1-3. When r e fe r r ing  to a given element ,  i. e . ,  E,, , the adjacent 
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FIGURE 1 - SPHERE-CODE NUMBER = 0 
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FIGURE 2 - CYLINDER WITH HEMISPHERICAL ENDS-CODE NUMBER = -1 
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FIGURE 3. CYLINDER WITH F L A T  ENDS - CODE NUMBER +1 
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Table I 

4 

Shape Sphere Cylinder with Cylinder with 
Hemispherical  Ends F la t  Ends 

v 

Code 0 -1 t l  

N 

8 8 12  8 12 

32 32 40 16 24  

72 72 84 24 36 

Number of e lemem Number of elements '  N Number of e lements  

Identifying Notation and Elements fo r  One Laye r  of Insulation 

5 



elements  a r e  r e f e r r e d  to in  re la t ion to E,, a s  le f t  of, r ight of, front of,  

etc.  

E,, is indicated by l r  ll. Figure 4 i l lus t ra tes  this.  The convention 

i s :  

F o r  example, the conduction length in  the direction to  the right of 

r ight ( r )  - counterclockwise when viewing the 

container along the x-axis  i n  the -x direction. 

f ront  ( f )  - always toward the y-z plane in  the direct ion that 

is the sho r t e r  distance,  i. e. , for 

but f o r  E16 front i s  toward EZ6 . 
top ( t )  - in the direction f rom the inside toward the outside 

of the conta iner .  

left ,  back, and under a r e  in  the direct ions counter to right,  

front and top, respectively.  

E,, , front i s  toward E,,, 

The insulation i s  assumed to be divided into s l ices ,  sect ions,  and layers. 

The symbol indices r e fe r  to this division. F o r  example,  E,,, r e f e r s  to 

the element  ( o r  region) located in  the third s l ice ,  second section, and 

second layer .  

The computer p rogram input and output datazre shown in Tables 

I1 and 111, respectively.  

The quantities i n  Table I11 a r e  computed for  each i so the rma l  

element.  Because of 

the symmetr ica l  a r rangement  of the elements ,  many quantit ies,  once 

computed, may be used  repeatedly as is shown in Table IV  and in  Table 

V. 

The required formulae a r e  shown in Table IV. 
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. '  

F o r  rnula 
Notation 

N 

J J  

F IG 

L 

h 

r 

k 

E: 

Table .I1 

P r o g r a m  Input Data 

Computer 
Language Notation Remarks  

N Code to number of e lements  

- Indicates t o  computer  when to stop 

- Indicates shape of container 

A Insulation thickness 

H Height of cy l indr ica l  p a r t  of 
container 

R Radius of container 

B Number of l a y e r s  of insulation 



Table 111 

P r o g r a m  Output Data 

Notation Remarks  

A f  Cross-sec t iona l  a r e a  toward front 

A b  Cross-sec t iona l  a r e a  toward back 

A1 

A r  

A t  

A u  

A t  

I f  

l b  

11 

l r  

I t  

l u  

v .  
ip 

- 

4 

CY 

a 

b 

N 
A 

R x  
NY 
A 

A 

Nz 

Y 

Cross-sec t iona l  a r e a  toward left 

Cross-sec t iona l  a r e a  toward right 

Cross-sec t iona l  a r e a  toward top side 

Cross-sec t iona l  a r e a  toward under s ide 

Pro jec ted  a r e a  of A t  

Conduction path length toward front 

Conduction path length toward back 

Conduction path length toward left 

Conduction path length toward right 

Conduction path length toward top side 

Conduction path length toward under side 

Volume of i so thermal  element 

Ratio of A t to t 

Angle defined by Fig. 4. Computed to make  all values of A t  
equal. 

Angle defined by Fig. 5. Used in  computing N 

Angle defined by Fig. 5. Used in  computing y 

Angle defined by Fig. 5. Used in  computing N 

Unit vector  through center  of i so thermal  e lement  

x component of N 

y component of N 

z component of Fi 
Angle defined by Fig. 6. Used in  locating N with respec t  to 
-z  direction. 

A 

A 

A 

A 

2 
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FIGURE 5 - ANGLES REQUIRED FOR COMPUTING I?. 

FIGURE 6 - ANGLE REQUIRED FOR GEOMETRICAL VIEW FACTOR 
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FLAT END CYLINDRICAL MIDDLE 

24  L/k L/k 

8 LA L/k 

16 L/k vlr 

 CYLINDER WITH FLAT ENDS (CODE NUMBER IS + 1.0) 
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Table V 

This  table indicates the symmet ry  of the elements.  Al l  elements  
within a given block (one of the small blocks) have equal values  for  
the quantities l is ted i n  the heading. F o r  example,  the numer ica l  
value of 4 f o r  all e lements  in  the first  block (1,  1;  1 , 6 ;  1, 13; 1, 8;  
etc. ) is the s a m e  and need be computed only once. 

SPHERE AND HEMISPHERICAL END 11 CYLINDRICAL MIDDLE I 
I N = 72 ~ 

HEMISPHERICAL 
END ONLY 

+ , A i  I A f  ,Ab, A t  ,AIJ 
LL ,Cr , i f  ,Lb ,Lt ,Lu 

, NX ,NY,Nz, a,  b, a 1, i Lr I L l  
I , I  1,6 1.13 1,8 

I , I  1,6 1.13 I 1,8 
6 , l  6 , 6  6.13 6,8 6,l 6 ,6  6,13 I 6 , 8  

2,l I 2,6 2,13 I 2 , 8  
5,1 5 ,6  5,13 5,8 5,l I 5 , 6  5,13 I 5 , 8  

3,l I 3 , 6  3,13 I 3,8 

I 

I 2 , l  2 .6  2,13 2,8 I 

3 , l  3 , 6  3,13 3 ,8  1 I 

1,2 I ,5 1.12 1,9 I I 
4 , l  4 , 6  4,13 4 , 8  4,l 1 4 , 6  4 , 1 3 1 4 , 8  

I I 
I I 

6.,2 6 , 5  6.12 6 , 9  I I 
2 ,2  2,5 2,12 2 , 9  I I 

I I 5 ,2  5 , 5  5,12 5 ,9  I I 

3,2 3,5 3,12 3,9 I I 
4,2 4,5 4,12 4 ,9  I I 

1,3 1,4 I , I I  I , I O  I I 
I I 

6 ,3  6 , 4  6,11 6,lO 1 I 

2,3 2 ,4  2 , l l  2,lO I I 
5 ,3  5 ,4  5, l l  5.10 I I 

I 1 

I 

I I 
I I 

3 ,3  3,4 3 , l l  3,lO 

4 , 3  ' 4.4 4,11 4,lO I I 
N = 32 

1,4 1,9 I I I , I  I 1.4 1.9 1.6 1 1:: 4.4 4.6 4.9 4.1 . 4 L '  . .  , 4;9 I 4;6 
2.1 2,4 2,6 2,9 

2,l I 2.4 2.9 2,6 
3 , l  3,4 3 , 6  3,9 3.1 , 3,4 3 ,9  I 3 ,6  

4.2 4.3 4,7 4 ,8  I I 
2.2 2 ,3  2 ,7  2 ,8  I 

I I 
3.2 3,3 3,7 3,8 I 1 

N = 0  

I 
2 , l  2,2 2,5 2,4 2,l ! 2,2 2,5 I 2,4 

1,2 ; 1,l 1,4 I 1,5 
I 

I 1 2,2 2 , l  2 , 4  i 2,5 

~ 

1.14 1,7 6,14 6,7 

2,14 2 ,7  5,14 5.7 

3,14 3 ,7  4,14 4.7 

2,lO 2,5 3,lO 3 ,5  

1,lO 1,5 4,lO 4.5 
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COMPUTER PROGRAM-DECK SETUP INSTRUCTIONS 

Al l  the data  for one run  i s  punched sequentially, as it appears  

i n  t i t le  (input data) ,  on one tabulating card.  

J J E  i s  an  added 1ocation.that mus t  contain a z e r o  for 

the last in  a stack of runs ,  otherwise a nonzero 

number. 

FIG 5 is  a n  added location that m u s t  contain a 0 .0  for  a 

sphere ,  A t  1. 0 f o r  a flat end cylinder,  o r  A-1. 0 

for  a cylinder with hemispher ica l  ends, 

The r ead  s ta tement  is: 2 READ(5, 3 )  N, JJ, FIG. A, H, R, B 

The format  s ta tement  i s :  3FmMAT(215, 5F10. 0) 

TABULATING CARD 

1 7  



MAIN PROGRAM FLOW CHART 

START Lrl 
INPUT DATA w 

L . 6  
88 r /6  
CALL 
DK200 

L =  I4 
8 d 6  
CALL 
DKIOO 

I:".'.1:/.1 L02PI= L02+1 

c 

A 

GO TO READ t NON 0 GJ> 0 4 END I I INPUT DATA 
I I V - 

18 



SUBROUTINE DKIOO 

PHI, ALI, ARI, SI --------- 

1 

PHi,j, ALi,J, N.8 
DBi,j ---- 

~ 

1 No32 
N.72 

pH2, AL2, AR2d 1 

N.72 

1 

PHij, ALi,j, I 

19 



SUBROUTINE O K 2 0 0  

L 

PH i,j, ALi,j, 

GAi,j 

------ 
0 -  - 

PHE, PHM 
ALM, ALE- 
-- GAE 

RE TURN 
a 4 

20 



MAIN PROGRAM 

LISTING 
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